SI Methods

Materials. Unnatural amino acids p-acetylphenlyalanine
Expression, purification, and spin labeling of T4L mutants bearing p-AcF or p-AzF and a single cysteine residue. The expression and purification of T4L mutants bearing p-AcF in BL21(DE3) cells was done as previously described. 4 For expression of T4L mutants bearing pAzF, BL21(DE3) cells were co-transformed with pET11a vector containing T4L mutants and pEVOL-p-AzF, 5 and then plated onto LB-agar plates containing ampicillin and chloramphenicol.
Expression in the presence of 1mM of p-AzF was done in the dark (to minimize photoreduction of the azide) at 37°C for 3 hours or at 30 °C overnight. Cell lysis, protein purification, and spin labeling to generate the side chains designated R1, R8, or RX was done as previously described.
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Tethering of T4L mutants on CNBr-activated Sepharose 4B. T4L mutants were covalently bound to commercially available CNBr-Sepharose as previously described. and the mixture was incubated at room temperature for 2-4 hours or at 4 °C overnight. Excess reagent was removed by repeated washes with PBS (pH 7.2) buffer using a 15-ml Amicon Ultra concentrator (10 kDa MWCO). It is noted that spin labeling of the cysteine residue should be done prior to incubation with DBCO-biotin to prevent thiol-yne addition. 6 The final product was verified by mass spectrometry (Fig. S2 ).
Tethering biotinylated proteins to high-capacity streptavidin beads. The desired quantity of Strepavidin beads was equilibrated in PBS buffer (pH 7.2) and washed 3X by centrifugation with a 5-fold excess of the same buffer. After the final wash and removal of the supernatant, the biotinylated protein was added to the beads in an amount equivalent to the stated capacity of the beads and the suspension was mixed at room temperature for at least 2 hours at room temperature or at 4 °C overnight. The supernatant was removed and the beads washed with buffer consisting of 50 mM MOPS, 25 mM NaCl at pH 6.8 prior to EPR measurements. The coupling efficiency was determined from the 280 nm absorbance of the supernatant and washes compared to that of the protein solution added to the beads. shown that azide reduction by mono-thiols (i.e. BME) or by DTT at pH < 6 are less efficient.
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Thus, for SDSL studies equimolar amounts of DTT at pH ~ 6 should be used prior to spin labeling.
For T4L mutants it was found that harvesting and purifying the protein at a low pH (pH=5) eliminated dimer formation from solvent-exposed cysteines in the absence of DTT or TCEP (data not shown), thus eliminating the need for addition of reducing cysteines prior to spin labeling. For harvesting and purification of T4L at low pH (pH 5), the lysis buffer consisted of 10 mM sodium citrate, 0.1 mM EDTA at pH 5. For ion exchange, a HiTrap CMFF column was used, and the protein was eluted with a linear gradient of buffer consisting of 10 mM sodium citrate, 1 M NaCl, 0.1 mM EDTA at pH 5. The protein eluted at a concentration of NaCl of ~ 270 mM. Non-reducing SDS-PAGE and gel filtration runs show no evidence of dimers even when using T4L mutants containing double cysteine mutations. For spin labeling at pH 5, 10-fold molar excess MTSL was added and the mixture was incubated overnight. After overnight incubation, the pH of the protein solution was increased to 6, followed by an additional 2 hour incubation to ensure high labeling efficiency. Excess spin label was removed as described in the main text experimental procedure section. 
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